Known polyene amide, clathrynamide A, and three novel related metabolites, debromoclathrynamide A, (4 E,6 E )-debromoclathrynamide A and (6 E )-clathrynamide A, were isolated from an Okinawan marine sponge, Psammoclemma sp. The absolute stereochemistry of clathrynamide A was determined to be 3R,12R by the modiˆed Mosher method. The structures of the three new compounds were elucidated by spectroscopic analyses as debromo derivatives and geometrical isomers. Their antifungal activities were also evaluated with a phytopathogenic fungus, indicating that both the bromine atom and double-bond geometry aŠected the activity.
The distinctive structure consists of a highly unsaturated C-20 carbon chain with a dienyne moiety and methyl branches of biosynthetic interest. Only two examples of this type with a C-20 carbon skeleton are known other than 1, 1) although a series of related compounds that possess the right-half (C1-C9 moiety) of 1 have been discovered from actinomycetes, e.g., phthoxazolins (or inthomycins), [2] [3] [4] [5] oxazolomycins, [6] [7] [8] [9] [10] [11] and curromycins. 12, 13) In our search for novel antifungal metabolites from marine organisms, 1 was rediscovered from an Okinawan marine sponge of Psammoclemma sp. as a potent antifungal substance. In addition to 1, we have found three new related metabolites, debromoclathrynamide A (2), (4 E,6 E )-debromoclathrynamide A (3), and (6 E )-clathrynamide A (4). This paper reports theˆrst determination of the absolute stereochemistry of 1 and the structural elucidation of new compounds 2-4, as well as their antifungal activities. The results will encourage the synthetic production of these multifunctional metabolites for further development of their biological study.
Materials and Methods
General. Solvents were evaporated with a rotary evaporator under reduced pressure at temperatures around 30-389 C. The residual samples were then vacuum dried. All the polyene samples were handled in dim light or in the dark, and always stored as benzene solutions at -309 C. Fuji Silysia BW-300 silica gel was employed for open column chromatography. Pre-coated silica gel 60 F254 plates (Merck) were used for thin-layer chromatography (TLC). HPLC was performed with a Jasco high-pressure gradient system equipped with PU-980 pumps. Optical rotation values were measured with a Jasco DIP-370 digital polarimeter. IR spectra were recorded by a Jasco FT W IR-7000S spectrometer. UV spectra were recorded by a Jasco Ubest-50 UV W VIS spectrophotometer. 1 H-, 13 C-, and two-dimensional NMR spectra were record-ed by a Bruker ARX 600 (600 MHz for 1 H) spectrometer. NMR chemical shifts were referenced to the solvent peak of dH 7.26 (residual CHCl3) or 3.30 (residual CHD2OD) for protons and of dC 77.0 (CDCl 3 ) or 49.0 (CD 3 OD) for 13 C. Mass spectra were recorded by a JEOL Mstation spectrometer in the positive FAB mode. Polyethylene glycol 600 (PEG600) was used as an internal standard for the high-resolution FABMS analysis.
Identiˆcation of the sponge. The specimen of the marine sponge was identiˆed to a genus level by Dr. John N. A. Hooper at Queensland Museum and deposited in the Queensland Museum collections as QM G315990 (991022O) Psammoclemma n.sp.#2987 (Poecilosclerida, Phroiospongiidae).
Isolation. The sponge of Psammoclemma sp. (40 g, wet wt.) was collected at a depth of 20 m oŠ Aka-jima Island in Okinawa, Japan. Immediately after the collection, the animal was frozen and stored at -309 C until needed for use. The freeze-dried animal was homogenized in EtOH-MeOH (4:1) and stood at room temperature for 3 days. The mixture wasˆltered, and theˆltrate was concentrated to give a solid residue (720 mg), which was dissolved in 90z aqueous MeOH (10 ml) and washed with hexane (10 ml) three times. The combined hexane layers were concentrated to give a hexane fraction (241 mg) as an oil. The aqueous MeOH layer was concentrated, dissolved in water (4 ml), and extracted with EtOAc (5 ml) three times. The combined EtOAc layers were concentrated to give an EtOAc fraction (42 mg) as an oil. Both the hexane and EtOAc fractions showed antiˆngal activity at a dose of 10 mg W disc. These fractions were combined and chromatographed on silica gel (14 g), eluting with hexane-EtOAc (4:1, 2:1, and 1:1), EtOAc, and then MeOH to give 6 fractions. The fourth fraction (17.3 mg), which was eluted with hexane-EtOAc (1:1) and showed antifungal activity at a dose of 2 mg W disc, was subjected to reverse-phase HPLC (Develosil ODS HG-5 (10×250 mm), 60 to 70z MeOH (60-min linear gradient) and then 70z MeOH, 2.0 ml W min, UV 270 nm). Four peaks at retention times of 52.5, 58.0, 60.9, and 86.2 min were collected and concentrated to give debromoclathrynamide A (2, 1.0 mg), (4 E,6 E )-debromoclathrynamide A (3, 0.4 mg), clathrynamide A (1, 1.9 mg), and (6 E )-clathrynamide A (4, 0.6 mg), respectively. , and dicyclohexylcarbodiimide (DCC, 9.0 mg, 0.044 mmol) were placed in a dried brown-colored round-bottomed ‰ask (5 ml) under a nitrogen atmosphere. To this mixture was added a solution of 1 (0.5 mg, 0.0011 mmol) in dry dichloromethane (0.5 ml), and the mixture was stirred at room temperature. After 7 h, additional DCC (2.3 mg, 0.011 mmol) was added, and the mixture was stirred for 14 h. After being stirred with one drop of water for 5 min, the mixture was then concentrated, and the residue was chromatographed on silica gel eluted with benzene-EtOAc (4:1, 2:1, and 1:1) to give an (R)-MTPA ester (5r, 0.5 mg). The corresponding (S )-MTPA ester (5s, 0.4 mg) was prepared by the same procedure with (S )-MTPA acid from 1 (0.5 mg).
5r: 403 mg) , and EDTA.2Na (5 mg)). After incubation at 259 C with 60z humidity for 2 days in the dark, the colony grew to a size of about 3-4 cm in diameter. Each paper disc (8 mm in diameter), which had been impregnated with an EtOAc solution of a known amount of a sample and dried in vacuo, was placed one cm away from the edge of the colony. After incubating under the same conditions for an additional 30 h, at which time the edge of the colony had reached the edge of the paper disc of the control, the distance between the edge of the colony and the paper disc was measured. The control disc was made by in vacuo drying of an EtOAc-soaked paper disc.
Isomerization of
1 into 4 by sunlight. A solution of 1 (0.02 mg) in MeOH (0.04 ml) was placed into a 0.5-ml polypropylene micro tube, and stood at room temperature under sunlight for 18 min. The solution (2 ml) was analyzed by HPLC under the following conditions: Develosil ODS HG-5 column (4.6 i.d.× 250 mm, Nomura Chemical), 65-75z MeOH (60-min linear gradient), 0.7 ml W min, photodiode array multi-channel detection. Assay method. A piece of agar, 5 mm in diameter, containing mycelia of Phytophthora capsici that had been previously grown on a synthetic agar medium was placed at the center of a plate (9 cm in diameter) of the same agar medium (1 liter of medium containing sucrose (10
Results and Discussion

Isolation
The marine sponge of Psammoclemma sp. (40 g, wet wt.) was collected oŠ Aka-jima Island in Okinawa, Japan, freeze-dried and then extracted with EtOH-MeOH (4:1). The extract was partitioned between hexane and 90z aqueous MeOH. The aqueous MeOH fraction was then partitioned between EtOAc and water. The antifungal hexane and EtOAc fractions were combined and chromatographed on silica gel. The active fraction was separated by reverse-phase HPLC to yield clathrynamide A (1, 1.9 mg), debromoclathrynamide A (2, 1.0 mg), (4 E,6 E )-debromoclathrynamide A (3, 0.4 mg), and (6E )-clathrynamide A (4, 0.6 mg).
Structural elucidation
Clathrynamide A (1) possessed the molecular formula of C24H32BrNO3 determined by its high-resolution FABMS data. The spectroscopic data (NMR, IR, and UV) for clathrynamide A (1) agree well with the previously reported data.
1) The speciˆc rotation, [a]D 23 ＋1499(MeOH), is also consistent with the reported value, [a]D 25 ＋1469(MeOH), indicating that the absolute stereochemistry was identical to that of the previous compound. A stereochemical study on 1 will be discussed later in this paper.
Debromoclathrynamide A (2) is thought to have been a related metabolite because of similar 1 H-and 13 C-NMR spectra (Tables 1 and 2 ) to those of 1. The molecular formula determined by high-resolution FABMS, C24H33NO3, is diŠerent from that of 1 bỳ -Br' and`＋H', suggesting that 2 was a debromo derivative of 1. Analysis of the DQF-COSY data proved the presence of two partial structures, C5-C9 and C11-C17; the former is the same as that of 1 and the latter is longer than that of 1 by one carbon corresponding to the C11 position. An assignment of the H to C direct connectivity was performed by an HMQC experiment as shown in Tables 1 and 2 . The additional partial structures, a,a-dimethylamide (C1-C2, C21, and C22), an oxymethine (C3), two allylic methyls (C4-C23 and C10-C24), and a propynyl group (C18-C20), were connected to the foregoing partial structures by HMBC correlations (Fig. 1) to construct the planar structure of 2. The double-bond geometry of 6Z, 8E, 14E, and 16Z was determined by their coupling constants (ca. 11 Hz for Z and ca. 15 Hz for E ), and that of 4Z and 10 E was revealed by NOESY correlations of H3 W H6, H5 W H23, H9 W H11, and H12 W H24.
(4 E,6 E )-Debromoclathrynamide A (3) possessed the same molecular formula as that of 2, C24H33NO3, based on high-resolution FABMS data. All the 1 Hand 13 C-NMR signals of 3 correspond to those of 2 (Tables 1 and 2 ), although the chemical shifts are diŠerent, indicating this compound to be a stereoisomer of 2. The same planar structure as that of 2 was conˆrmed by DQFCOSY and HMBC experiments. The double-bond geometry of 6 E, 8E, 14 E, and 16Z was determined by their coupling constants, and that of 4 E and 10 E was revealed by NOESY correlations of H3 W H5, H6 W H23, H9 W H11, and H12 W H24. The diŠerence between 3 and 2 is in the geometry of C4 and C6.
(6 E )-Clathrynamide A (4) possessed the molecular formula of C24H32BrNO3, which is the same as that of 1. All the 1 H-and 13 C-NMR signals of 4 correspond to those of 1 (Tables 1 and 2 ), indicating this compound to be a stereo isomer of 1. The same planar structure as that of 1 was conˆrmed by DQFCOSY and HMBC experiments. All the doublebond geometry of 4 E, 6E, 8E, 10E, 14E, and 16Z was determined by the coupling constants and NOESY correlations as the case of the other metabolites. The 6 E geometry is only the diŠerence between 4 and 1.
Absolute stereochemistry
From the viewpoint of the potential of the clathrynamides in their application as pharmaceutical and agrochemical agents, determination of their absolute stereochemistry is an important task. Wê rst applied the modiˆed Mosher method 14) to determine the absolute stereochemistry of two oxymethines (C3 and C12) of the known metabolite, clathrynamide A (1), which has not before been claried. Thus, 1 was esteriˆed with (R)-or (S )-amethoxy-a-(tri‰uoromethyl)phenylacetic (MTPA) acid in the presence of DCC to aŠord the bis-(R)-MTPA ester (5r) and bis-(S )-MTPA ester (5s), respectively. The calculated Dd (＝d 5s -d 5r ) values well demonstrate the 3R, 12R stereochemistry (Fig. 2) . Based on good agreement of the speciˆc rotation, previously isolated 1 possessed the same absolute stereochemistry.
Application of the modiˆed Mosher method for debromoclathrynamide A (2) was unsuccessful due to decomposition during the reaction and insu‹cient amount of the sample. We assume that 2 had the same absolute stereochemistry as 1 based on similar speciˆc rotation values for 1 and 2 of [a]D＝ ＋1499 and ＋1599 , respectively. Since (4 E,6 E )-debromoclathrynamide A (3) and (6E )-clathrynamide A (4) are minor geometric isomers of 2 and 1, respectively, these metabolites seemed to be formed by the isomerization of 2 and 1. 1 was completely converted into 4 and an unknown isomer by irradiation under sunlight as shown in Fig. 3 .
(4 E,6 E )-Debromoclathrynamide A (3) was also formed from 2 by irradiation (data not shown).
Theseˆndings suggest that minor components 3 and 4 were formed during the isolation procedure and possessed the same stereochemistry as that of 1 and 2, although the modiˆed Mosher method could not be applied due to the insu‹cient amount and instability of the compounds.
Antifungal activity
The antifungal activity of these metabolites against the phytopathogenic fungus, Phytophthora capsici, was evaluated by the paper disc assay method. Since thisˆlamentous fungus rarely produced spores, the activity was evaluated not by MIC, but by observing the aversion zone near a paper disc impregnated with a test sample. The minimum doses applied to a paper disc to inhibit the fungal growth in this assay were 1 (0.4 mg W disc), 2 (0.08 mg W disc), 3 (2 mg W disc), and 4 (10 mg W disc). The structure-activity relationships indicate that (i) the bromine atom at C11 slightly decreased the activity (comparison between 1 and 2), and (ii) that the conversion from the 6Z to 6 E geometry markedly decreased the activity (comparison between 1 and 4).
